Abstract: The FemtoSpeX facility of the BESSY II storage ring is dedicated to ultrafast optical-pump and soft x-ray probe experiments. Experimental end-stations for experiments in transmission, re ection, and di raction geometry are available.
Introduction
The FemtoSpeX facility of BESSY II is optimized for time-resolved experiments using polarized soft x-ray pulses (Bergeard et al., 2014; Boeglin et al., 2010; Eschenlohr et al., 2013; Holldack et al., 2010; Izquierdo et al., 2014; Radu et al., 2011; Stamm et al., 2007; Trabant, C. et al., 2013; Wietstruk et al., 2011) . It consists of a high-transmission monochromator, a fs pump laser system including harmonic generation and dedicated end stations for transmission, re ection and di raction experiments. Magnetic elds up to 0.5 T for transmission and 0.2 T for other geometries are available. A new end station with higher magnetic elds in all geometries is in preparation. For a detailed description see Holldack et al. (2014) . An overview of the facility is given in Fig. 1 .
The re ection zone-plate-monochromator (ZPM) beamline at the insertion device UE56-1 has been particularly designed and optimized with high transmission optics (Holldack et al., 2014) to compensate for the relatively low ux of 1x106ph/sec/0.1%BW of the Femtoslicing source (Khan et al., 2006) . The optical layout is depicted in Fig. 2 (left) . A re ection zone plate comprises focusing as well as energy dispersion for a particular design photon energy. To cover the absorption edges of the mostly studied elements between 410 to 1333 eV, a four inch substrate hosts nine zone plate lenses (Fig. 2 right) that cover selected photon energies within that range. The images on top of the zone-plate photograph show the intensity distributions in the focus after each lens (Brzhezinskaya et al., 2013; Holldack et al., 2014) . The optics is tailored to minimize pulse elongation and preserve the polarization properties of the elliptical light from the undulator.
Figure 1: Optical layout of the full optical pump-soft-x-ray probe setup at the FemtoSpeX facility at the BESSY II storage ring (Holldack et al., 2014) . The horizontal dimension of the entire setup is ca. 50 m. Synchronized to the 500 MHz master-oscillator driving the rf-cavities of the storage ring, a Ti:Sa oscillator seeds the two regenerative ampli ers that are located in di erent laser hutches. As a monochromator, either the high resolution Plane Grating Monochromator (PGM) or the high ux Zone Plate Monochromator (ZPM) can be selected by setting a switching mirror to the corresponding position. (Brzhezinskaya et al., 2013; Holldack et al., 2014) .
To allow for resonant pumping at high repetition rates, the laser system consists of two coupled Ti:Sa ampli ers (Legend Elite Duo, company: COHERENT) driven by a single oscillator (Micra, COHERENT). The ampli ers typically run at 6 and 3 kHz for the slicing-and the pump excitation, respectively, and at pulse energies of 1.8 mJ. "Slicing" of stored electron bunches is achieved by laser pulses from the rst ampli er resulting in ∼100 fs x-ray pulses while the second ampli er yields pulses of ∼40 fs duration at 800 nm and as well at the second and third harmonic (400 nm and 266 nm, respectively) for the "pump" excitation of the sample. The pulse energies are su cient to operate an optical parametric ampli er (OPA, Opera Solo, COHERENT) providing variable pump wavelengths for sample excitation from the UV (240 nm) to the mid infrared (6µm) wavelength range, with wave-length-dependent pulse energies. A special laser feed-in is used to couple in the pump-laser beam in to the ZPM beamline in a collinear geometry or under a small angle of 1.5°. The experimental setup for laser pump -X-ray probe on magnetic samples consists of a measurement chamber housing the magnet (up to 0.5 T parallel to the x-ray beam) and transmission sample, and the detector chamber with a fast avalanche photodiode (APD). An Al foil mounted between the chambers prevents laser light to enter the detection chamber with the APD. A load-lock allows for fast sample transfer. The layout of the instrument can be seen in Fig. 3 . Technical data are summarized in Table 3 .
FemtoSpeX Scattering station
A two circle UHV di ractometer is available for di raction (Holldack et al., 2010; Trabant, C. et al., 2013) or re ectivity (Izquierdo et al., 2014) studies. Sample and detector angles can be varied independently. Magnetic elds up to 0.2 T in variable direction are available. Scattered photons are detected with avalanche photodiodes (APDs). The APDs are screened from light of the pump-laser by Al membranes and a light tight housing. Low noise ampli cation (up to 60dB by Hamamatsu and Kuhne preampli ers) allows besides analog pulse detection for time-correlated single-photon pulse counting. Generally signals as low as ∼5 photons/sec from the sample can be detected. A photograph of the station is depicted in Fig. 4 , technical data are summarized in Table 4 .
Source
The insertion device is the elliptical undulator UE56-1 with the following parameters: 
